The dismal prognosis of gastric cancer patients is a global problem. We aim to evaluate the clinicopathologic features and prognostic factors of proximal and distal gastric cancer. Materials and methods: Gastric cancer cases diagnosed and treated at the same surgical unit between 2007 and 2010 were reviewed. Follow-up data from all patients were collected for at least 5 years until 2015. A total of 964 patients were studied (distal gastric cancer [DG], n=777 and proximal gastric cancer [PG], n=187). Results: DG patients had a relatively higher percentage of females, more thorough therapy (R0 [D0/D1/D2]), fewer combined organ resections, younger age, smaller tumors (5 cm), shorter surgery durations, less blood loss during surgery, and a relatively lower percentage of nodal metastases and a TNM stage of 4 (p0.05). A significantly higher 5-year survival rate was observed in DG patients compared to PG patients (DG: 51%, PG: 28%; p0.001). A multivariate analysis demonstrated that tumor size, blood loss during surgery, surgery approach of lymph node dissection, treatment with palliative surgery, histopathologic type, TNM stage, and tumor location were independent predictors of poor outcome.
Introduction
The prognosis of gastric cancer patients worldwide has been dismal over the past several decades. 1, 2 Gastric cancer is the most common cause of cancer-related deaths, as reported by the World Health Organization. 3 Until recently, a steady decrease in the incidence and mortality rate of gastric cancer has been observed in most parts of the world. 4 Several factors partly explain this favorable trend, such as decreased smoking, earlier detection, management of Helicobacter pylori and Epstein-Barr virus infections, and dietary improvements including increased availability of fresh fruits and vegetables and a decreased reliance on salted and preserved foods. [5] [6] [7] However, the absolute number of gastric cancer cases and deaths is still a substantial burden on the world's economy, especially as the world population and the life expectancy are increasing. It has been reported that a total of 989,600 new gastric cancer cases and 738,000 gastric cancer-related deaths were estimated in 2008, accounting for 8% of total cancer cases and 10% of total cancer-related deaths. Over 70% of new gastric cancer cases and deaths occur in developing countries, and 5-year relative survival rates of around 20% or less are frequently reported.
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In recent years, the incidence of proximal gastric cancer has increased, while the incidence of distal gastric cancers has fallen in Western countries, with the reverse trend occurring in Asian countries. 1, 2, 8, 10 In addition, Asian patients show greater overall survival despite having similar clinicopathologic characteristics and treatments to those of patients in Western countries. 11 A study in Portugal indicated that proximal and distal gastric cancers are significantly different in terms of patient survival, tumor size, venous invasion, nodal status, and overall stage. 12 Gastric cancer rates are about twice as high in males as in females. 8 Age and family history are also correlated with gastric cancer incidence. These factors, together with different clinical and pathologic characteristics, can lead to different prognoses for patients. Thus far, several studies investigating gastric tumor location and correlation with prognosis have contradicted each other, where some have shown a better prognosis in patients with a tumor in the lower third of the stomach compared to the upper regions, 12, 13 while other studies have shown no relationship between prognosis and gastric tumor location.
14 Therefore, the relationship between proximal and distal locations of gastric cancer, as well as other characteristics of gastric cancer and survival in patients remains to be validated. In this study, we investigated the relationship between epidemiological and clinicopathologic characteristics of gastric cancer patients, surgical approaches utilized for these patients, and information on the specific tumor locations and prognosis in a large cohort of patients.
Materials and methods
Patients and data
Patients who previously underwent gastric excision surgery between 2007 and 2010 at the Cancer Hospital of Harbin Medical University to treat gastric cancer were recruited for this study. Written informed consent was obtained from all patients for the use of their medical data for research. The study protocol was verified to be in accordance with the guidelines of the Helsinki Declaration, and was approved by the Ethics Committee of the Harbin Medical University Cancer Hospital (KY2015-01). Data for all patients who had received laparoscopic surgery and who had complete follow-up data for at least 5 years were collected (until 2015) . Patients who had received neoadjuvant chemotherapy were excluded. Patients with other cancers pre-or postoperatively were also excluded. A total of 964 patients with tumors located in the upper (proximal) or lower (distal) third of the stomach were enrolled according to the Japanese Gastric Cancer Association specifications (Classification of Gastric Carcinoma, 14th edition, 2010; Figure 1 ). Proximal and distal gastric cancer patients were assigned to proximal gastric cancer (PG) and distal gastric cancer (DG) groups, respectively.
The following epidemiological, clinical, and pathologic parameters were collected for each patient: age, gender, family history of cancer, height, weight, body mass index (BMI; thin: 18.5; standard: 18.5-24.0; and overweight: 24, as defined by the Working Group on Obesity in China), tumor size, surgery duration, blood loss at surgery, multifocality (two or more tumors), histopathologic type (well differentiation: high and middle differentiation; poor differentiation: low differentiation; and mixed differentiation: signet ring cell carcinoma, mucinous adenocarcinoma, and non-tubular adenocarcinoma), surgical approaches of lymph node dissection (R0 [D0/D1/D2], reduction surgery [R1/R2], and palliative surgery [laparotomy/bypass]; D0: the tumor is resected without a lymph node dissection; D1: the tumor is resected with a lymph node dissection at the first site near the stomach; D2: in addition to the criteria of D1, a wider range of lymph node dissections are carried out, and surgery is more thorough, but the trauma and surgery duration is relatively large; R0: the tumor is completely removed, and residual tumor cells cannot be observed under the microscope or by the naked eye; R1: the tumor is not completely removed, and residual tumor cells can be observed under the microscope; R2: residual tumor cells can be observed by the naked eye), Figure 1 The location of gastric cancers. The stomach is divided into three parts including the upper third (proximal), middle third, and lower third (distal), according to JGCA Classification of Gastric Carcinoma. Abbreviation: Jgca, Japanese gastric cancer association.
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Prognosis and clinicopathology of gastric cancer combined resection (such as liver, spleen, diaphragm, transverse resection), Borrmann type (Borrmann type 0, I, II, III, and IV), TNM stage, total number of resected lymph nodes, and node metastases.
statistical analysis
All statistical analyses were performed with SAS 9.1 (SAS Institute, Cary, NC, USA) software. For analyzing basic characteristics, a Student's t-test was used for continuous variables and a chi-squared test was used for categorical variables. The endpoint was overall survival, which was calculated based on the time of the first diagnosis of gastric cancer to death from any cause or until October 2015. The survival curves were estimated using the Kaplan-Meier product-limit method. The cumulative survival probability was calculated for the fifth year. Proportional hazards regression models were fitted with computing hazard ratios and the corresponding 95% CI. All statistical tests were two sided, with p-values 0.05 being considered statistically significant.
Results
characteristics of subjects
In this study, 964 patients were included. According to clinical records, 777 patients (80.6%) had DG tumors and 187 (19.4%) patients had PG tumors, with an incidence ratio of 4.16:1. Therefore, a higher tumor incidence was found in the lower gastric region.
As shown in Table 1 , no significant differences were observed in the distribution of patients' BMIs, multifocality, histopathologic type, and nodal metastases between the two tumor locations.
There were significant differences in distribution of gender, age, family history of cancer, tumor size, surgery duration, blood loss during surgery, approaches of lymph node dissection, combined resection, Borrmann type, total number of resected lymph nodes, nodal metastases, and TNM stage between the DG and PG groups (p0.05). A relatively higher percentage of female patients, younger age, smaller tumor size (5 cm), shorter surgery duration, lesser blood loss during surgery, and a relatively lower percentage of nodal metastases and a TNM stage of 4 were characteristic of DG patients. In addition, the metastasis rate of the total number of resected lymph nodes was significantly lower in the DG group (25.1%) compared with the PG group (44.1%; p0.01). Almost 20% of DG patients reported a family history of cancer, and only 12% of PG patients reported a family history of cancer. More patients underwent lymph node dissection R0, and fewer patients were subjected to the combined organ resection and had TNM stage 4 among DG patients compared to PG patients.
comparison and correlation of survival and clinicopathologic characteristics in Dg and Pg patients
Cumulative survival curves for gastric cancer patients based on tumor location are illustrated in Figure 2 . Five-year survival rates were 51% for DG patients and 28% for PG patients. A significant difference was observed in the survival of DG and PG patients (p0.001).
As shown in Table 2 , a univariate analysis of survival revealed significantly different survival curves based on the following parameters: increased tumor size, approaches of lymph node dissection, histopathologic type, nodal metastases, and TNM stage for patients in the PG and DG groups. However, for patients in the DG group, additional parameters including age, BMI, surgery duration, blood loss during surgery, multifocality, combined resection, and Borrmann type were correlated with a 5-year survival. Further comparison of survival between the two groups showed that patients with increased tumor size and nodal metastases had worse survival if tumors were in the proximal stomach, compared to patients with tumors in the distal stomach. Patients who underwent lymph node dissection (R0/D0/D1/D2) and reduction surgery, and who had tumors with higher differentiation, had better survival outcomes, only if the tumors were located in the distal region of the stomach. In addition, patient survival was better if the cancers were located in the distal region of the stomach compared to patients with tumors in the proximal region, except for patients who underwent palliative surgery, had Borrmann type III and IV tumors, or TNM stage 1 and 4 tumors. For example, patients with a family history of cancer and a higher body weight had better survival in the DG group.
Multivariate analysis (Table 3) revealed that when appropriate significant factors were taken into consideration, tumor size, blood loss during surgery, radical degree, performance of palliative surgery, histopathologic type, TNM, and the location of the cancer were independent predictors of poor outcome.
Discussion
In this study, epidemiological and clinicopathologic characteristics were analyzed for patients with DG and PG, and the prognostic factors for patients with different locations of gastric cancer were determined. Gender is an important factor affecting the occurrence of gastric cancer, where stomach cancer rates worldwide are about twice as high in males compared to females. In 2014, the gender ratios of newly diagnosed gastric cancer cases were 1.6:1 (male:female) in the USA and 2.2:1 in China. 9, [15] [16] [17] In this study, the total ratio of males to females was 2.8:1, with a high ratio (5.0:1) found for patients with PG. One of the reasons for this observation may be because of poor diet and unhealthy habits in men, such as smoking or alcohol consumption. 18 There was a relatively higher frequency of young patients in the DG group compared to the PG group, with the average age being significantly lower in the DG group than in the PG group. Survival decreased in DG patients with increasing age of diagnosis. In addition, there was a higher rate of family history of cancer (19.8%) in DG patients, which suggests a genetic predisposition in patients in the DG group. The differences in epidemiology may be from these genetic differences. For PG patients, the presence of aneuploidy and a high S-phase fraction might affect the biological behavior of gastric cancer. 19 In terms of survival, the patients with multifocal tumors in the DG group had a better prognosis than the patients with a single tumor (80% vs 50%). In the DG group, multifocality can cause patients to experience significant symptoms and, therefore, result in early doctor visitation and treatment, while symptoms of patients in the PG group are relatively indistinct and treatment is usually late, which may partly explain the differences in survival of patients with multifocal tumors.
In addition, the degree of surgical complexity of DG tumors was significantly lower than that of PG tumors. In this study, both the average surgery duration and the amount of blood lost from surgery were less in DG patients than in PG patients. However, the shorter surgical time does not equate to a decrease in lymph node dissections. The percentage of patients who underwent surgery with lymph node dissection R0 was 77% for the DG group and 66.3% for the PG group. The longer surgical time for the PG group was mainly because of the more advanced TNM stage of the tumors, which required a more complicated radical surgery compared with that for DG cases. In the DG group, there was a significantly worse survival outcome with increasing surgical duration. However, shorter surgery time is not always superior. There were more early-stage gastric cancers found in DG patients; therefore, D0 or D1 lymphadenectomies were often used and a Billroth I anastomosis was more readily performed. Thus, surgery time was minimized. However, for PG patients, this trend was not observed for the few early-stage cases. Whether a splenectomy should be performed together with a gastrectomy was once a highly debated topic. Currently, many researchers agree that a prophylactic splenectomy should not be utilized for upper gastric surgery. [20] [21] [22] In this study, 12.3% of patients in the PG group had a combined organ resection, while only 1.8% of patients in the DG group had this type of resection. The adjacent organs resected in patients included the spleen, the tail of the pancreatic corpus, the left adrenal gland, peritoneum, and diaphragm. Normally, PG cancers are large, are of an advanced stage, and do not involve adjacent vital organs. Therefore, adjacent organs have a higher resection rate. In the DG group, most of the tumor invasions were found in the head of the pancreatic corpus, duodenal and transverse colon. Patients with combined resection have more complications with no additional survival benefit. 23, 24 Therefore, the number of patients who underwent a combined resection was fewer in the DG group than in the PG group.
In this study, DG patients had smaller tumors at an earlier stage, which could be attributed to an early diagnosis. The gastric antral area is the retention area of gastric juice, and even a small lesion can lead to the regurgitation of acid and burning symptoms from gastric acid. However, patients with gastric cardiac lesions will visit a doctor only when dysphagia caused by larger tumors is felt, and therefore, diagnosis occurs late. Borrmann type III was the main type of gastric cancer in both DG and PG groups, and the DG and PG groups had significantly different Borrmann types in this study, which is similar to a previously published report. 25 A report from Iran indicated that tumors from upper 
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Prognosis and clinicopathology of gastric cancer gastric tissue show poor differentiation. 10 In our study, tumor differentiation types were not significantly different between the DG and PG groups, but patients with well-differentiated tumors had a better prognosis, especially in the DG group. These differences may be partly attributed to the genetic differences between the Iranian and Chinese populations.
Patients with DG cancer had more resected lymph nodes compared to patients with PG cancer. In the DG group, a total of 12,198 lymph nodes including 3,058 metastases were resected. The total number of lymph nodes resected in the PG group was 2,319, including 1,022 metastases. The results suggest that lymph node metastases are more severe in PG cases, which may be one of the reasons that patients with lymph node metastases in the DG group had a better prognosis. Moreover, some reports indicate that patients with more resected lymph nodes have a better prognosis, 26, 27 which is similar in PG patients. In the PG group, with an increase in the number of lymph nodes resected, there was an improved survival (27% vs 40% in stratification of number 15 or 15, p=0.113). Therefore, it is necessary to resect more lymph nodes during surgery of PG patients.
A Cox regression analysis identified the approach of lymph node dissection, tumor size, and tumor stage as prognostic factors of gastric cancer, and these observations were in agreement with other reports. 12, 25, 28 To the best of our knowledge, no other study has indicated tumor site as a predictor of survival for patients with gastric cancer. In this study, the DG group (51%) showed a better 5-year survival than the PG group (28%). In addition, studies have indicated Therefore, the tumor site may be one of the reasons that Asian patients show superior overall survival.
Conclusion
In summary, differences in epidemiological and clinicopathologic characteristics, and the surgical approach of PG and DG cancers and the relationship with prognosis were analyzed. Patients with DG cancer were more likely to be diagnosed at a younger age, have a family history of cancer, and show multifocality and improved prognosis. Patients with PG cancer had the characteristics of late disease stage, large tumors, underwent more complex surgery, had a high rate of lymph node metastases, and worse prognosis. The reason that PG cancer is difficult to diagnose early may be because of the lack of symptoms and careful observation on the fundus of the stomach using endoscopy. Therefore, regular endoscopies and lowering the misdiagnosis rate should be important steps in improving the prognosis of PG cancer. These findings have implications for the development of guiding strategies for the surgical program and assessment of prognosis of gastric cancer arising at different locations. In addition, patients who had received neoadjuvant chemotherapy were excluded in this study. Further studies need to be done to ascertain the impact of neoadjuvant therapy in the outcomes of PG and DG cancers.
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